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(54) Polymeric substrate with polymeric microelements 



(57) The present invention relates to a method of 
making or using an article of manufacture in the form of . 
a polishing, pad (10) for polishing or planarizing a sur; 
face of an electronic substrate, as well ai a planarized 
semiconductor device made thereby. The pad com- 
prises an elastomeric, polymeric matrix (14) inpreg- 
nated with a plurality of hollow (22), flexftile. polymeric 
microelements (16, 16"). The pad has a work siorfece 
(18) and a sut)surfoce (24) proximate to the work sur- 
face. One portion (16*) of the polymeric microelements 
is at the work surface and another portion (16) of the 
potymeric microelements is emt>edded within the sut>- 
surface of the pad that is not exposed to the working 
environment. The work surface of the pad is relatively 
softer thian the sut>surface as a result of mechanically 
opening or chemically altering the shells of at least 
some of the hollow, flexble. polymeric microelements 
located proximate the work surface such that tiie open 
polymeric microelements are less rigid than the poty- 
meric microelements enrdbedded in the subsurface, or 
by texturizing th work surface, thereby causing the 
work surface to be softer than the subsurface. 



FIG. I 
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Description 

FIELD OF THE INVENTION 

The invention relates to a polymeric sut>strate 
impregnated with polymeric microelements and meth- 
ods of n^ng and using the same and, more particu- 
larly, to an artide of manufacture for use in polishing 
materials, such as semiconductor devices. 

BACKGROUND OF THE INVENTION 

Conventional polymeric substrates or polishing 
pads used for polishing, planarizing and other opera- 
tions for which the present article is useful may be sub- 
jected to a variety of operating conditions which 
influence the selection of the substrate material. For 
example, variations in the nature of the workpiece being 
polished, polishing speed and pressure, elevated tem- 
peratures generated during the polishing operation, and 
the nature of any polishing slurry used in the operation 
may influence the choice of substrates. 

Conventional polymeric polishing pads often yary in 
quality due to imprecise control of polymerization and 
blending processes and cutting and shaping of the final 
pad product Therefore, the polishing characteristics 
inparted to a workpiece being polished, such as sur- 
face quality, stock removal rate and planarization rate, 
typically vary greatly between pad batches. 

Conventional polishing pads are generally formed 
from nriultilayer laminations or stratified substrates hav- 
ing non-uniform physical properties throughout the 
thickness of the pad. An example of a typical stratified 
pad widely used for polishing smiconductor devices is 
the Politex Supreme pad. which is comrnercially availa- 
ble from Rodel, Incorporated, of Newark Delaware. A 
typical Politex Suprenie pad is composed of several lay- 
ers, including a firm but resilient. 1 mm to 2 mm thick, 
porous bottom layer comprised of a pbjyester felt and 
polyuretiiane binder. A spongy and resilient miaopo- 
rous urethane layer of abp^t 0.63 mm to 0.3 mm thick- 
ness is laminated onto the botioni layer.^T^ top layer is 
comprised of vertical urethape istructures having verti- 
cal, tapered pores,, the t^er/ of the ppres^^^.r^ 
toward the top of the pad;lThe top layef is very soft 
porous and Mastic. In a typical polishing operation, the 
top layer of such a stratified pad wears rapidly. As tiie 
top layer wears and subsequent layers are exposed, the 
polishing properties of the pad vary, resulting in non-uni- 
form polishing rates and producing inconsistent polish- 
ing characteristics on the surface of the workpiece. 

Conventional polishing pads typically have textured 
surfaces. The "microtexture" of a pad is the intrinsic 
iaoscopic bulk texture of tiie pad after manufactura 
Some of th factors which influence the static morphol- 
ogy or microscopic bulk texture of a conventional pad 
are the nature or texture of tiie work surface, such as 
waves, holes, aeases. ridges, slits, depressions, protru- 
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sions ad gaps, and the size, shape, and d^rbution, fre- 
quency or spacing of individial features or artifacts. In 
typical polishing pads, the microtexture of the pad is 
largely random ad is the result of factors intrinsic to the 

5 manufacturing process. Because of tiie large number of 
variables in the manufacturing process, few attempts 
have been nade to control variables such as pore size, 
shape and distrit)ution. Other characteristics which may 
affect tiie pad texture are hardness, resilience, thick- 

10 ness, permeability, and resistivity, to name a few. 

"Minitexturized* pads have intermediately sized tex- 
tured artifacts on the pad, which iray be produced by 
use of lasers or the incorporation of air or gas within tiie 
pad material. 

15 ''Macrotextures", or larger size textured artifacts, 
may be imposed on the work surface of a pad by 
embossing, skiving, perforating and/or machining, for 
example. In conventional polishing pads, the spacing 
and/or size of individual macrotextiire artifacts or fea- 

20 tures is generally greater than 5 mm. The spacing and 
size of these artifacts are typicaljy very regular and 
repetitive. 

Conventional polishing pads may include various 
solid particulate such as cerium oxide, titanium oxide, 

25 aluminum oxide, barium cartx)nate. glass dust and f it>- 
ers, diatomaceous earth, rouge, calcium cartx^nate, dia- 
mond, and carbon, for example. Typically, mechanical 
mixing and distrtoution of such particulates has been 
poorly controlled. 

30 Japanese Patent Application" No. JP-A-870224003, 
published on September 9, 1989, as Publication No. 
JPib71661, discloses a polishing pad for policing a 
semiconductor wafer where the pad is a lihifbrm poly- 
urethane sheet including closed foam pores throughout 

35 the tiiid^^ of the sheet and a wavy surface. The sur- 
face of the pad is trued by the apparatus and process 
described in tiie application. The apparatus and proc- 
ess include 'using diamond pellets within a cbrriek:tiori 
ring located between a center rdlter and a guide roller 

40 on a platei on which the pad is placed. In essence, the 
wavy surface of the pad is ground with the diamond pel- 
lets in a water slurry to flatten and thereby true the sur- 
face of tiie pad. 

It Would be desirable tbf^e a substrate for polish^ 

45 ing and other operations in which tiiE» particte dstiibu- 
tion of Additives may be optimized on a rmlecular scale: 
It is also desirable to have a polymeric sid>strate in 
which the surfece of the sutsstrate regenerates itself and 
does not vary appreciably as the surface is contacted 

50 with a workpiece. A polishing sid>strate which has a 
series of hardness variations on a micro scale and 
which can be texturized on a mini or macro scale to help 
remove dross (effluent, grindmgs, etc.) during polishing 
operations would also be ad>^ntageoi£. 

55 

SUMMARY OF THE INVEf^TION 

Briefly, the present invention relates to methods of 
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making and using a article of nianufacture in the form of 
a polishing pad for polishing or planarizing a surface of 
an electronic substrate, as well as a planarized semi- 
conductor device that has been planarized using the 
pad. 

The paid comprises an elastomeric, polymeric 
matrix impregnated with a plurality of hollow, flexible, 
polymeric microelements. The pad has a work surface 
and a subsurface prioximate to the work surfaca One 
portion of the polymeric microelements is at the work 
surface and another portion of the polymeric microele- 
ments is embedded within the subsurface of the pad 
that is not exposed to the working environment The 
work surface of the pad is relatively softer than the sub- 
surface as a resuK of the exposure of the one portion of 
the potymerte microelements to the working environ- 
m^. The subsurface becomes the relatively softer 
work surface during wear of the pad when the polymeric 
microelements are exposed to the working environ- 
ment. 

One aspect of the present irivention is a method for 
regenerating a wiDrk surface of tile polishing pad. The 
method comprises tile steps of: prcvtdihg a pad as 
described above; aihd mechanically opening or chemi- 
cally altering at least a portion of some of the shells of 
the hollow, flexible, polymeric microelements k>cated 
proximate the work sur^ce such that the open poly- 
meric microeierifiehts are less rigid than the polymeric 
microelements embedded in the subsurface, thereby 
causing the work surface to be softer tiian tiie subsur- 
face. 

Anotiier aspect of the present irrvention is a metilod 
for decreasing the effective rigidity of the work surface 
of a polrshing pad as desaibed above. The rtietiiod 
comprises this steps of: provkiing a pad as described 
above; and texturizir^g the work suriace including the 
hollow, flexible, polynrieric microelements at tiie Work 
surface, tiiereby causing tiie work surface to be less 
rigid than tiie subsurface. 

A further aspect of the present invention is a 
method of planarizing a surface of a semiconductor 
device utilizing a planarizing pad as initially descn*bed in 
this Suinmary and coritacting the surface of the semi- 
conductor d^'ce in the presence of the working envi- 
ronment witii the work surface of the pad. 

An additional aspect of the present invention is a 
pfanarized semiconductor device that has been 
planarized using the pad described above. 

BRIEF DESCFIIPTION OF THE DRAWINGS 

The foregoing summary, as well as tiie following 
detailed description of the preferred embodiments, will 
be better understood when read in conjunction witii the 
appended drawings. For the purpose of illustrating the 
invention, there are shown in the drawings embodi- 
ments which are presentiy preferred, it being under- 
stood, however, that the invention is not limited to the 



specific metiiods and instrumentalities disclosed, in the 
drawings: 

Rg. 1 is a schematic cross-sectional diagram of an 
5 article, in accordance witii the present invention; 

Rg. 2 is a schematic aoss-sectional diagram off a 
alternative embodiment of an article according to 
tiie present invention; 

Rg. 3 is a schematic cross-sectional diagram of an 

TO alternative embodinient of an article according to 
tiie present inventiori, in which microelements at 
the work surface of the article have swetl^ when in 
contact with tiie working environmerit; 
Rg. 4 is a graph of planarizatioh rate as a function 

IS of distance between features on the surface of a 
typical semiconductor device; 
Rg. 5 is a schematic diagram of an alternative 
emtxxliment of a minitexturized pad according to 
tiie present invention; 

20 Rg, 6 is an enlarged partial cross-sectional view of 
tiiepad of Fig. 5, taken along line 6-6; 
Rg. 7 is a schematic diagram of an altemative 
embodiment of a macrotexturized pad according to 
tiie present invention; 

25 Rg. 8 is an enlarged partial aoss-sectional view of 
the pad of Rg. 7, taken ialorig line 8-8; 
Rg. 9 is a alternative enrbodiment of a fractal pat- 
terned minrtexturized pad according to tiie present 
invention; 

30 Rg. 10 is a bar gjraph showing specific gravity of a 
article aixording to the present invention as a func- 
tion of tiie f bw rate of microspheres; and 
Rg. 11 is a schematic diagrarifi of a devnce for pom- 
melgating and puncturing a ix)rti6h of shells of 

35 microelements at a work surface of a article accord- 
ing to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

40 

Referring to the drawings, wherein like numerals 
indicate like elements throughout, there is shown in 
Rgs. 1 -3, 5-9 and 1 1 embodiments of a article of manu- 
facture, generally designated 10, 110, 210, 310 arid 

45 410. In'accordance witii the present invention. 

Preferably, tiie article 10 is a generally circular 
sheet or polishing pad 12. best shown in Figs. 5 and 7. 
altiiough one of ordinary skill in tiie art would under- 
stand tiiat the pad 12, may, for example, be generally 

so square, rectangular or of any suitable shape, as 
desired. 

The article 10 et seq. of the present invierition may 
be L^ed as a polishing pad eitiier itself or as a sub- 
strata in a polishing operation in wtiich a polishing slurry 
55 is used to provide a desired surface finish for semicorv 
ductor devicefs, silicon devices, crystals; glass, ceram- 
ics, polymeric pfastic material, metal, stone or other 
surfaces. Polishing pads 12 made with th artici 10 et 
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seq. of the present invention may be used with lubri- 
cants, coolants and various abrasive slurries, ad well 
known to those skilled in the art and readily available 
commercially. Typical components of such slurries 
include liquid media, such as water or oil: abrasive 
agents, such as aluminum oxide, silicon carbide, silicon 
dioxide, cerium oxide and garnet; bases; acids; salts; 
sudactants, and/or other agents depending upon the 
nature of the workpiece. The working environment of 
the article comprises the environment sunounding the 
article when in use, including the substrate to be pol- 
ished and the lubricants, coolants ad various abrasive 
slurries described above. 

The article 10 et seq. is useful for altering a surface 
(not shown) of a workpiece (also not shown) by a polish- 
ing operation, such as planarizing or shaping. The work- 
pieces to be polished preferably comprise friable 
sut)stances, such as quartz, silicon, glass, electronic 
and optical substrates, and high density multi-compo- 
nent electronic devices, for example. The workpiece 
may be a semiconductor device (not shown) haying 
multiple layers of polysilicone, thermal oxides, arKi 
metallic . materials, each layer of which may be 
planarized before a sut>sequent layer is deposited ther- 
eon- , 

As best shown in Fig. 1, the article 10 comprises a 
polymeric matrix 14 virhich is preferably impervious to 
aqueous fluid slurries typically used in polishing and 
planarization operations. The polymeric matrix 14 nnay 
be fonned from urethanes, melamines, polyesters. 
polysuHbnes. polyvinyl acetates, fluorinated hydrocar- 
bons, and the like, and mixtures, copolymers and grafts 
thereof. One of ordinary skill in the art would understand 
tf^t any other polymer having sufficient loudness arxJ 
rigidity to resist abrasive wear during polishing opera- 
tions may be used, in keeping with the spirit and scope 
of the present invention. As presently preferred, the pol- 
ymeric matrix 14 comprises a urethane polymer. The 
urethane polymer is preferably formed from a polyelher- 
based liquid urethane. such as the Adiprene line of 
products which are conrrnierdally available from 
Uniroyal Chemical Co., Inc. of Middletnary, Connecticut 
The prefened liquid urethane contains about 9 to about 
9.3% by weight free isocyanate. Otfier isocyariate bear: -i 
ing products arKj prepolymers may also be used in 
keeping with the spirit and scope of the present inven- 
tion. 

The: liquid urethane is preferably one which reacts 
with a polyfunctional amine, diamine, triarnine or poly- 
functional hydroxy! compojnd or mixed functionairty 
compounds such as hydroxyl/amines dwelling in ure- 
thanejurea crosslinked networks to permit the formation 
of urea links and a cured/crosslinked polymer network. 
As pr^ently preferred, the Iquid urethane is reacted 
with 4.4-methylene-bis p^chloroaniline] ("MOCA"), 
which is comnnercially available as the product Curene® 
442, from Anderson Development Ca of Adrian, Michi-. 
gan. 



As best shown in Rg. 1, the polymer matrix 14 is 
impregnated with a plurality of polymeric microelements 
16. Preferably, at least a portion of the polymeric micro- 
elements are generally flexible. Suitable polymeric 

5 microelements include sugars arxl water-soluble gums 
and resins. Examples of such polymeric microelements 
include polyvinyl alcohols, pectin, polyvinyl pyrrolidone. 
hydroxyethylcellulose. methylcellulose, hydropropyl- 
methylcellulpse, cartwxymethylcellulose, hydroxypro- 

10 pylcellulose, polyacrytic acids, polyacrylamides. 
polyethylene glycols, polytiydroxyetheracrylites. 
starches, maleic add copolyrners, polyethylene oxide, 
polyurethanes and conAinations thereof. The microele- 
ments 1 6 may be chemically modified to change the sol- 

75 ubility. swelling and other properties by branching, 
blocking, and aosslinking, fa example. 

As presently preferred, each of the polymeric 
microelements 16 has a n^ean diameter which is less 
than about 150 \im, and more preferably a mean dianrv 

20 eter of about 10 ^lm. One of ordinary skill in the art 
would understand that the rnean diameter of the miao- 
elements may be varied and that microelentents 16 of . 
the same or different sizes or. mixtures of different 
microelernents 16 may be inpregnated in the polyrneric 

25 matrix 14. as desired. 

As presently preferred, each of the polymeric 
microelemaits 1 6 are spaced apart about 1 jim to about 
100 \im. Preferably, the polymeric microelements 16 are 
sut>stantially unrfomnly distributed tfiroughout the poly- 
pe? meric matrix 14 by high shear mbdng. the resulting 
composite mixture is transferred to a conventional mold 
before the viscosity of the reacted urethane f^ymer 
becomes too great to permit sufficient blending of the' 
microelemerits with the polymer mixture. One of prdi- 

35 nary skill in the art would understand; that the low visr 
cosity window may vary at different tenperatures for 
different thermosetting plastics and curing agetnts. The 
resulting mixture is gelled in tfie wold for about 15 min- 
utes. The gelling time may vary based^ upon factors 

40 such as temperature and selection of the polymer 
matrix and microelemente. The composite is then cured 
at about 200-225°F for about 4-6 hours and cooled to 
room temperature, (about 70°). The curing terrperature , 
may vary depending. upon the polymer matrix and type, 

45 of microelements used, among other factors. 

The resulting article, 10 is removed from the mold 
and cut, sliced etc. to the desired thickness and shaped 
to form polishing pads 12. One of ordinary skill in the ait 
would understand that the nrK}kied corrpbsite may be 

so sliced, cut or othervtrise machined to any thictoiess or 
shape as desired! In accordance with the present inven- 
tion. 

Depending upon the intended application or opera- 
tion, at least a portion of the polymeric microelements 
55 16 may be generally spherical in shape, as . shown in 
Rg. 1. Preferably such microspheres are hollow, each 
microsphere having a shell with a thickness of about 0.1 
^m. 
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As best shown in Rg. 1. each polymeric microele- 
ment 16 has a void space 22 therein. At least some of 
the polymeric microelements 16 preferably have a plu- 
rality of void spaces 22 therein, as best shown in Rg. 3. 
It is preferred (but not required) that each void space 22 
generally contains a gas at a pressure greater than 
atmospheric pressure to help maintain the structural 
integrity of the microelements 16M6, respectively, both 
at the work surface 18 and subsurface 24 of the poly- 
meric matrix 14. 

The polymeric miaoelemerrts may have permeable 
or purK;turable shells 20. best shown in Rg. 11. so that 
the void spaces 22 within the microelements 1 6' may be 
rendered open to the workir^ environment 

As best shown in Rg. 1 . in a preferred embodiment 
of the present invention, at least a portion of the poly- 
meric microelements 16* located at the work surface 18 
soften upori contact with the Working environment (not 
shown) or polishing slunry. For example, water soluble 
cellulose ethers such as methylcellulose will dissolve 
upon contact with water in an aqueous polishing slurry.' 

As best shown in Rg. 1, in another preferred 
embodiment, at least a portion of the polymeric microe- 
lements 16* located at the work surface 18 swell upon 
contact with the working environment. For example, 
longer chain cellulose ethers may swell upon contact 
with water in ah aqueous poHshing slurry. 

The article 10 has a work sur^ce 18 and a subsur- 
face 24 proximate to th^ Work surface 1 8. as best shown 
in Rgs. 1-3. Preferably, the work surface 18 is about 5 
^m to about 60 \im thick. The thickness of the article 1 0 
is preferiaJ^y between about 300 pm and about 400 ^m 
in a difiction generally piaperidicular to a major plane 
(not shdWh) of the Work surface 18. 

An advantage of the present invention is that poly- 
meric microelements 16* at tiie work surface 18 of the 
article 10 are iWss rigid than the polymeric microele^ 
ments 16 ernbedded in the subsurface 24 when the arti- 
cle 10 is in contact with the working environment Alsa 
tiie les^ rigid polymeric microelements 16* provide less 
support fcr the portion 15 of tiie polymeric matrix 14 
which surrounds the le^ rigid micrbelements, thereby 
reducing the effective rigidity of tiiat sunrbunding portion 
15 of tiie jjolymeric matrix. Therefore, at least two levels 
of hardness are aeated in the airtidei 10. the Work sur- 
face 18 biBihg genemWy softer than tiie subsurface 24. 

Another ad^mrrtage of tiie present invention is tfiat 
as the work siiilace 18 of the article wears, such as by 
contact with the surface of a workpiece c^- the working 
envirorimisnt. the sut)surface 24 immediately adjacent to 
the work surface 1 8 becomes the new work surface and 
the two levels of hardrtess are regenerated continu- 
ously, which permits more even and consistent polish- 
ing of tiie workpiece and more even wear of the pad 12. 

Differoit iaspects of the present invention will now 
be descn'bed and explained further by reference to the 
following specific, illustrative, non-limiting examples. 



Example 1 

A polymeric matrix was prepared by mixing 2997 
grams of Uniroyal Adiprene L-325 polyether-based liq- 

5 uid uretiiane with 768 grams of CLirene® 442 (4.4*- 
mettiylene4)is [2-choloroaniline] ("MOCA") at about 
ISO'^R At this tenperature. the urettiane/polyfunctional 
amine mixture has a pot life of about 2.5 minutes (tiie 
"low viscosity window"). 

10 During this low viscosity window. 69 grams of 
Expancel 551 DE hollow polymeric microspheres were 
blended with the polymer mixture at 3450 rpm using 
Rodel Incorporated high shear blending and mixing 
equipment to generally evenly distribute the micro- 

is spheres in the polymer mixture. The mixture was trans- 
ferred to a conventional mold during tiie low viscosity 
window and permitted to gel for about 1 5 minutes. 

The mold was next placed in a curing oven, such as 
is commercially available from Koch Oven Corporation. 

20 The mixture was cured in ttie oven for about 5 hours at 
about 200**R Ihe power to tiie oven was then shut off 
and tiie mixture permitted to cool in the oven for about 
4-6 hours until the terfperature of tiie molded article 10 
was about 70**F (room temperature). The moWed article 

25 was tiien cut to form polishing pads. The mean distance 
between the microspheres in the resulting polishirtg pad 
12 is believed to be between about 75 and about 300 
nm. 

As shown in Rg. 4. tiie planarizatibn rate (lun'^) is 

30 wore than four times greater for a 20 mil thick urethane 
pad having Expancel microsph^es embedded therein 
(as designated by ttie squares) tiian a similar urethane 
pad without microspheres (as designated by the drcles) 
when the pads were used to planarize a typical semt- 

35 conductor device having features or chips spaced about 
1 mm apart In other words, Rg. 4 shows tiiat a device 
^ may be planarized about four times faister by using a 
uretiiane pad having microelements embedded therein 
tiian witiiout microelements, according to the present 

40 invention. 

As shown in Rg. 10. the specific gravity of tiie 
molded article decreases as tiie flow rate of miao- 
spheres is inaeased. Generally, it is prefenred that the 
specific gravity of the pad be about 0.75 to atx)ut 0.8. 

45 which corresponds to an Expancel microsphere flow 
rate of about 53 grams/minute. 

In alternative embodiments best shown in Rgs. 5-9. 
tiie work surface 18 of tiie article 10 may further include 
a mini or macro pattern or texture 26 which includes 

50 recessed and/or elevated portions or artifacts 28. The 
texture 26 may be formed upon at leiast a portion of the 
work surfoce 18 by mechanical texturizing mettiods, 
such as machining. emtx)ssing. turning, grinding, r^fi- 
cating and lasering ttie work surface 18. One of ordinary 

55 skill in til art would understand that the texture 26"may 
be formed by a variety of otiier mechanical work or 
chemical rhethods. such as etching, for example. 

By texturizing the work surfac 18. up to 50% or 
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more surface area may be exposed to fadlitate removal 
of dross during polishing. In addition, texturing of the 
work surfac 18 enhances the polishing action by 
exposing a greater number of nticroelements 16V to the 
working environment. The texture 26 may be fcffmedjn. 
a variety of pattems. contours, grooves, spirals, radiate, 
dots, or any other shape as desired. Texturing the work 
surface 18 of the pad 12 offers a series of hardness var- 
iations on the microscale. For example, the artifacts 28 
may be shaped to form cones or blades having a harder 
core and a softer outer surface in addition to the harder 
subsurface 24. 

Preferably, the artifacts 28 are spaced apart, 
between about 0.1 mm to about 10 nrvn and have a 
depth between about 1 mrn and about 10 mm. Gener- 
ally, it is preferred that the artifacts 28 have a length in a 
first dimension less than about 1000 times a mean, 
diameter ot a polymeric microelement 16. It is also pre- 
fen-ed that the artifacts 28 have a depth less about 2000 
times a mean diarifieter of a pojymeric miapelement 16. 

As best shown in Rg& 5^ and 6, the work surface 1 8 
may iriclude a minitexture including artifacts 28 having a 
width between about 1000 ^m and 5 mm. The rninitex- 
ture shown in Rgs. 5 and 6 is a concentric circular pat- 
tern, atthpugh one of ordinary skill in the art would 
understand that the minitexture may be a spiral or other 
pattern, including those discussed above. 

As best shown in Rgs. 7 and 8. the work surface 18 
may include a macrotexture including artifacts 28, each 
artifact 28 having a width greater than about 5 mm.. As 
shown irii,Rgs. 7 and 8, tiie minitexture is a generally ., 
square grid^ although one of orciinary skill in the art 
would understarvd that the minkexlure may be formed in 
any pattern;^ including those discussed alxye, as 
desired. 

The I macrotexture arvJ niinitexture may be formed 
by typicaJ; rnachining nriethods, such as embossing, 
turning, gnnding. replicating and lasering and a variety 
of other methods well known to those of ordinary skill in 
the art 

Example 2 

Using a; standard lathe and a single pant tool, the^ 
worksurfac^i 18 Wiqwn in Rgs. 5^ were cut by super- 
imposing circular and square grid patterns, respectively, 
on the work surface 18 which vyas vacuum mounted to 
the latbe. or milling rnachine^s rotatirig plate. A conven- 
tional horizontal rnilling machine with ganged cutting 
tools or custom cutting conrte with regularly spaced 
serrated teeth was used to machine the work surface 1 8 
in the desired pattern. . 

As best shown in Fig. 5, the annular minitexture 
was rnachined into tiie polishing pad to; fbrm^grooves. 
having 1.397 "I'P (0 0557) pitch, each with a depth of 
0.356 mm (0.014"). The groove form is buttress thread 
with a 60 degree ramp towards tine pad*s inside diame^ 
ter, as shown in Fig. 6. . 



The square grid macrotexfaire 28 shown in Rgs. 7 
and 8 was machined on a horizontal milling machine to 
produce squares having grooves 0.8013 mm (0.032") 
wide and 0.635 rnm (0.025") deep defining 6.35 mm 

5 (0.25") artifacts 28. 

As best shown in Fig. 9. the work surface 18 may 
also include a minitexture including artifacts 28 having a . 
widtti between akx)ut 1000 \m\ and 5 mm produced by 
use of a cartx)n dioxide laser. Preferably, the microtex- 

10 ture is produced in the shape of a fractal pattern on the 
work surface 18. As herein defined 'fractal patterned 
means a repeating pattern which has repeating artifacts 
in which the artifacts are different from each other. The 
fractal pattem nay be generated by deterministic or 

75 non-detenninistic mathematical fonnulas, such as the 
Gosper Island variant of tiie Koch Island & Lake fractal 
pattem ("Gosper pattern") (shown in Rg. 9). Sfuitatrfe 
fractal models incliKie the round, spherical and swtss* 
cheese tremas, although one of ordinary skill in ttie art 

20 would understand that ptiier suitable fractal, patterns 

, may be used in acoondance with the present invention, 
as desired. Preferably, the fractal pattern is chaotic or 
rarxJom. . . 

25 Example 3 

As best shown in Fig. 9, grooves or.minitextures 
were machined into a polishing pad 12 . using a typical 
cartx>n dioxide laser with a continuous wave output of 

30 100 watts. The power rating, output arid tneam focus 
were selected .to cut a groove with a deptii of . about 
. 0.458 mm (0.018") and having a width of less ttkh 
about 0.127 mrri (0.005"). The minitexture vras the 
per Island variation of the Kbch Island & Lake fractal 

35 pattern discussed above. The fractal pattem, image wps 
read and programnied electronically into a conventional ^ 
computer numerical controller, which contrpljed rncve- 
ment of tiie laser beam to form tiie fractal patten on tiie 
work surface 18 of the pad 12. An adhesive niask was 

40 used to elinrrinate vapor trailsirom accumufating on the. 
pad. The adhesive mask also reduced the attendant 
minor fusing on the edges of the grooves. 

Alterrtatively. or addrtipnally, isolated "rnesa" pat- 

, terns may be enritx)ssed prrto the work ,surface 18 to 

45 form a minit©rture. For e)QrTpl^ a conventional 30 ton 
press machine may be used to apply about 25 tons of 
pressure to emboss a minitexlure onto the work surface 
18 of a pad 12. Heat may be applied to erihance the. 
embossing effect ^. , ^ 

50 The method according to the present invention of 
planarizing a surface of a semiconductor devnce utilizing 
an article 10 etseq. according to the present inverrtion 
will now be described generally 

With reference to Figs. 1-3, the method generally 

55 . conp-ises the initial step of providing an article 10 or 
110 comprising a polymeric matrix 14. The polymeric 
matrix 14 is inpregnated witii a plurality of polymeric 
microelements 16. The details of providing the poly- 
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meric matrix 1 4 and impregnating the matrix 1 4 with the 
microelements 16 are discussed above and further dis- 
cussion thereof is not beliey^ed to be necessary nor is it 
limiting. PreferaUy, the work eurfac 1 8 of the article 1 0 
or 110 is textured to form artifacts 28 to provide an 
enlarged work surface area and expose microelements 
18 to the working environment which wouki not normally 
be exposed if the work surfac6:1 8 were generally flat. 

The method further comprises the steprof contact- 
ing at le^ a portion of the work surface 18 of the article 
10 or 110 with the working environment such that the 
polymeric miaoelements 16* at the work surface-18 of 
the article 10 or 110 are less rigid than the polymeric 
microelements 16 located in the adjacent subsurface 
24. For example; a portton of a shell 20 of at a portion of 
the polymeric microelements 16 located proximate the 
work surface 18 may be operied by at least one of skiv- 
ing. abiBCfihg, cutting and puncturing a portion of the 
shell 20 or by chemically altering or softening a portton 
of the shell 20 to render a portion of the polymeric 
mk»'oelemehts 16- of the work siirfaciB 18 less rigid than 
the microelements 16 located in the subsurface 24. 
Details as to how the polymeric microelements 16' at 
the w6rR= sQrface 18 ms^ be'made lesis rigid are dis- 
cussed above arxi further discussion thereof is not 
believed to be neciessary nor limiting. 

The method further comprises the step of contact- 
ing thesurfface (hot shown)'of the semiconductor device 
(also not shown) with at least a portfon of the work sur- 
face 18 of the article such that the surface of the semi- 
conductor device is sufficiently planarized. The article 
10 or polishing pad 12 may be attached to a conven- 
tional polishing niachine such as are well known to 
those of ordinary skill in the art. Preferably, the work sur- 
face 18 is oriented generally parallel to the surfece of 
the semicbriductor device to be plaharized and rmy be 
moved' iriliriear or drcular sliding^contact; for exanple. 
to plariarize or abrade the surface of the semiconductor 
device, as desired. 

As the work surface 18 of the pad 12 is abraded by 
sliding' contact with the surface of the' semiconductor 
devk;e, portioris of the subsurface 24 are exposed and 
microelements 16 in the subsurface 24 ai^e abraded or 
chemically altered or softened to form a new viork sur- 
face IB having similar physical properties to the previ- 
oi^ly abraded work surface. Therefore, the work 
surface 18 in c(»Tta(^ with the surfadB of the siemicbh- 
ductor device is essentially continuously regenerated to 
provide a oonsistent planarizing pr . poIijBhing action 
upon the surface of the semiconductor device. 

A method according to the present invention of 
r^enerating the work surface 18 of an article according 
to the present invention will now be described generally. 

Referring ridw to Rg. 11. the method genei^ly 
comprises the initial steps of provkiing an article 410 or 
pad 12 comprising a polymeric matrix 14 and irrpreg- 
nating the matrix 14 with a plurality of polyrneric micro- 
elements 16. The details of forming the artid 10 are 



discussed at length above and further discusston 
thereof is not believed to be necessary nor limiting. 

The method further comprises the step of opening 
at least a portion of a shell 20 of at least a portion of the 

5 polymeric microelements 16 located proximate to the 
work surface 18 such thiat the open microelements 16* 
are less rigid than the rniaoelements 16 in the subsur- 
face 24. The step of opening the polymeric microele- 
ments may include at least one of skiving, abrading, 

70 cutting and puncturing a portion of each of the shells 20 
of the rrucroelements 16. As best shown in Fig. 11. the 
shells 20 of the microelements 16* at the. work surface 
18 may be punctured by a combined pommelgation and 
perforation device 30. a portion of which is shown in 

IS aoss-section in Rg. 11. The device 30 may be formed 
from any material having sufficient rigidity to puncture 
the wori< surface 18 and miaoelements 16, such; as 
stainless steel, aluminum and other metals, for exam- 
ple. IhQ device 30 includes a plurality of sharp imple- 

20 ments or needles 32 for puncturing at least a portion of 
a shells 20 of polymeric microelements 16 located prox- 
imate the work surlace 18. 

In additbn to the needles 32. the device 30 includes 
at least one. arxJ preferably a plurality of pads 34 for pre- 

25 venting the needles 23 from puncturing the work sur- 
face 18 too deeply. Preferably, the needles 32 puncture 
the work surface 1 8 to a depth of about 60 pxn; although 
one of ordinary skill In the art would understand that the 
puncturing depth of the device 30 may any depth 

30 greater or less than 60 \jLm, as desired. For exanple. 
longer needles 32 could be used to puncture the work 
surface-18 to a depth greater than 60 jim: 

One of ordinary skill in the art would understand 
that the microelements 1 6 may be opened or the pad 12 

35 may be punctured one or more'times. as needed. 

In an altemative embodiment, at least a portion of 
the shells 20 of polymeric microelements 16 located 
proximate the work surface 18 may be chemically 
altered or softened by the work environment such that 

40 the partially altered polymeric mrcroelemerrts 16 at the 
work surface 18 are less rigki than the polymeric micro- 
elements 16 embedded in the subsurface 24. For exam- 
ple, the polyrherk: microelements 16 may be formed 
from water soluble cellubse ethers corrprising rtiethyl- 

45 cellulose or hydroxypropyimethytcellulbse which at least 
partially dissolve when contaicted with a working envi- 
ronment cohiprising water. 

From the foregoing desalptionr it can be seen that 
the present invention comprises articles of marurfacture 

so for altering a surface of a wbrKpiece. such as a semicon- 
ductor device, arKi methods for decreasing the effective 
rigid'rty of a polymeric microelement located at a portion 
of a work surface of such an article, i'egenerating the 
work surface of such an article, arKi planarizing a sur- 

55 face of a semiconductor device utilizing such an article. 
The present articles may be used to rribre rapidly and 
evenly polish or planarize a substrate or other work- 
piece. 
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ft will be appredated by those skilled in the art that 
other changes oould be made to the emtxxiiments 
desaibed above without departing from the broad 
inventfv concept thereof. It should be understood, 
therefore, that this invention is not limited to the partcu- 5 
lar embodiments disclosed^ but it is intended to cover^ all 
modifications which are within the spirit and. scope of 
the inventions as defined by the appended clj|ims. 

Claims i 10 

1 . A method for regenerating a work surface of a pol- 
ishing pad for polishing or planarizing a surface of 
an electronic sid>strate, the method comprising the 
st^of: IS 

providing a polishing pad (10, 12.: 110, 210, 
310, 410) comprising an elastomeric, poly- 

,y meric matrix (1 4) .impregnated with a, plurality 

/ of hollow, flexiblej polymeric microelements 
(16), the pad having a work surface (18) and a ^ 
subsurface (24) proximate to the work surface, 
one portion (16> of the polymeric mteroele- 
ments being at the work surface arKl exposed 
to a working environment inducing a polishing ss 
slurry, another portion of the polymeric microe- 
lements (16) being embedded within, the sub- 
surface (24) of the pad that is not exposed to 
the working environment; and 
mechanic^ly opening or chemically altering at : sci 
least a portton of some of: the shells of the hol- 
bw. flexible, polymeric miaoelements located 
proximate the work surface such that the open 

i polymeric microelements are less rigid than the . 
polymeric microelements errtoedded ; in the 35 

; subsurface, thereby, causing the work surface 
to be softer than the sukjsurface. 

2. A method ;for decreasing the effective rigidity of a 
polishing; pad wak sur^e. themethod comprising 40 
the steps of: ^ 

. providing a polishing pad (10. 12.,r1ip. 210; , 
310, 410) i.conrprising, an elastomeric. pp^ 
.m§ric matrix (14) impregnated wifti a plurality 45 
of hollow, ftolsle. polymeric microelernents 
(16), the pad having a work surface (18) and a 
t sut>surface (24)iproxirTiate to the work surface, 
one portion (167 of the polymeric mfcroele- 
ments being at the work surface artd exposed^ so 
to a working environment indudng a polishing 
slurry, another portion of the polymeric microe- 
lements (16) being embedded within the sub- 
surface (24)^of the pad that is not exposed to 
the working environment; and 55 
texturizing tfte work surface: induding the hol- 
low, flexible, polymeric microelements at the 
work surface, thereby causing the work surface 



to be less rigid than the sut>surface. 

3. A method of planarizing a surface of a semiconduc- 
tor device with a polishing pad, the method com- 
prising the steps of : 

providing a polisfung pad (10, 12, 110, 210, 
310. 410) comprising an elastomeric, poly- 
meric matrix (14) impregnated with a plurality 
of .hollow.: flexible, polymeric microelements 
(16), the pad havir^ a work surface (18) and a 
sut>surface (24) proximate to the work surface, 
one portion (16*) of tiie polymeric microele- 
merrts being at the woric surface and exposed . 
to a working environment including a polishing 
slurry, another portion of the polymeric microe- 
lements (16) being embedded within the sut>- 
surface (24) of the pad that is not exposed to 
the working environment; and 
contacting, the surface of the semiconductor . 
device iri the presence of the working environr 
ment witii the work surface of tiie pad. 

4. A method ac(X)rdi.ng to claim 1 , 2 or 3, wheran the 
polymeric, microelements are substantially uni- 
formly distributed tiiroughout the polymeric matrix. 

5. A method according to daim 1, 2 or 3. wherein the 
polymeric matrix comprises a urethane polymer. 

6. A method according to claim 1 , 2 or 3, wherein at : ^ 
least a portion of the: polymeric microelements 
located at the work surface soften upon exposure to 
tiieworWrig environment 

7- A method according to; daim 1, 2 or 3. wherein at^ 
least a portion^ of - the- polymeric microelements . . 
located at the worksurface syyell upon exposure to , 
tiie working environment. 

8. A metiiod according to claim. 1 , 2 or 3, wherein at , : 
least some of the polymeric microelements corrtain 

a plurality of void spaces (22) therein. 

9. A nnethpd according to daim 1 , 2 or 3, wherein the 
hollow polymeric nrticroelementsf contain a gas at a 
pressure greater than atmospheric pressure. 

1 0. A method according to daim 1 , 2 or 3. wherein each 
of the polymeric microelements has a meari diame-> 
ter less tiian about 150 ^m. 

' ' '■ ' ' • .^I'i 

11 . A method according to daim 1 0, wherein said mean 
diameter of each of the polymeric microelements is, 
aboutlO^. 

12. A method according to daim 1. 2 or 3. vWierein the 
polymeric microelements are spaced apart by 
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about 1 ^ to about 100 Mm. 

13. A method according to daim 1, 2 or 3. wherein at 
least some of th polymeric microelements are 
generally spherical in shape. 5 

14. A method according to claim 1, 2 or 3, wherein at 
least some of the polymeric microelenDents have 
permeable shells so that the hollow microelements 
may be rendered open to the working environment io 

15. A method according to claim 1, 2 or 3, wherein the 
work surface is about 5 ^m to about 60 ^m thick. 

16. A method according to dairti 2. wherein the work is 
surface comprises a miaotexture (26) integral with 
the pad, the microtexture induding an artifact (28) 
having a width less thaiV about 1 000 jira 

17. A method according to daim 2, wherein the work- 20 
surface comprises a mihrtexture (26) integral with 
the pad, the minitexture induding an artifact (28) 
having a width of atx)ut 1000 pxn to about 5 mm. 

18. A method according to daim 2, wherein the work 25 
surface comprises a macrotexture (26) integral with 
the pad, the macrotexture including an artifact (28) 
having a width greater than about 5 mm. 

19. A method according to daim 2, wherein the work 30 
surface comprises a textUre (26) integral with the 
pad, the texture induding a plurality of artifacts (28), 
each of the artifacts being spaced apart of atxHit; 
0.1 mm to about 10 mm and having a depth of 
about 1 mm to about 10 mm. 35 

20. A method according to daim 2, wherein the work 
surface comprises a texture (26) integral with the 
pad, the texture induding an artifact (28) having a 
length less than aboiA 1 000 times a mean diameter 40 
of the polymeric mtcroelmients. 

21. A method according to dalhi 2, wherein the work 
surf^e hirther comprises a texture (26) Integral 
with the pad; the teixture induding an artifact (28) ds 
having a depth less than about 2000 times a meaa 
diameter of polymeric microelements. 

22. A planarized semiconductor device made by 
planarizing a surfece of the semiconductor device 50 
in the presence of the working environment by a 
pad in accordance witi^ the method of any one of 
claims 3 through 21. 
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(54) Polymeric substrate with poixmeric microelements 



(57) The present invertlion relates to a method of 
making or using an article of manufacture in thi form of 
a polishing pad (10) for polishing or planarizihg a sur- 
face of an electronic sut)strate, as well as a i^ararized 
semiconductor device made theretjy. The pad conh 
prises an elastOTierlc, polymeric matrix (14) impreg- 
nated with a pluraTrty of hollow (22). flexftde. polynteric 
microelements (16. 16*). The pad has a work surface 
(18) arKt a sut>surface (24) proximate to the work sur- 
face. One portion (16*) of the polymeric 'microelements 
is at th^ woric surface and another portion. (16) of the 
polymeric microelements is emt>edded within tfie skjb- 
surface of the pad that is not exposed to the working 
environment The work surface of the pad is relatively 
softer than the sut)surfece as a result of mechanically 
qpening or chemically altering the shells of at least 
some of the hollow. flexit)le, polymeric microelements 
located proximate the work surface such that the open 
polymeric microelements are less rigid ttmn the poly- 
meric microelements embedded in the sut>surface. or 
by texturizing the work surfece. therefcyy eating the 
work surface to be softer than th subsurfkce. 
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22 (New). An aqueous polishing composition for a copper-containing semiconductor substrate having a surface 

requiring polishing, said polishing composition comprising: 

a sufficient amount of an oxidizer; and 

a sufficient amount of a corrosion inhibitor; 

wherein said polishing composition has a pH to protect said surface from detrimental etching and 
corrosion in the absence of abrasive action and with little or no dishing in the presence of abrasive 
action. 

23 (New). A polishing composition according to Claim 22 wherein said oxidizer and said corrosion inhibitor are 

present in said sufficient amounts to provide a corrosion current density less than 20 /lA/cm^to protect 
said surface from detrimental etching and corrosion in the absence of abrasive action and with little or 
no dishing in the presence of abrasive action. 



24 (New). A polishing composition according to Claim 22 wherein said oxidizer is present at about 0.01% to 1% 

by weight of said composition. 

25 (New). A polishing composition according to Claim 22 wherein said corrosion inhibitor is present at about 

0.001% to about 4% by weight of said composition. 

26 (New). A polishing composition according to Claim 22 wherein said oxidizer is potassium iodate. 

27 (New). A polishing composition according to Claim 22 wherein said corrosion inhibitor is benzotriazole. 

28 (New). A pohshing composition according to Claim 22 wherein the pH of said composition in a range of about 

2 to about 4. 

29 (New). A polishing composition according to Claim 28 wherein the pH is maintained in said range by utilizing 

a buffer at a concentration of about O.IM to about IM. 

30 (New). A polishing composition according to Claim 22 wherein the pH of said composition is in a range of 

about 9 to about 10. 

31(New). A polishing composition according to Claim 30 wherein the pH of said composition is maintained in 
said range by utilizing a buffer at a concentration of about O.IM to about IM. 



